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A NEW HIGH-STABILITY AC VOLTMETER WITH 
A 10-MHz FREQUENCY RANGE AND 1% ACCURACY 

A new ac voltmeter with wide frequency coverage 
and enhanced accuracy is the first of its type 
to achieve a ground-referenced dc output. 

NkW IN-.IH1 \riMArioN is lllo\r nlU'ii 

baseit III! nt'iv i njiic]ii\ rh^ii ;nh;ince or 
simijlih iiiiiif iiiilirii<.TU,in iiuihoils. 
Suitii'liint'i. an advaruc in 

iiisirmriL*iilaiii)ii is jxiMiljic liei-aiise ol 
llie avai!al)iliij nl ni'w ami inijiTiivLiI 
liidiii i(i!ii|>iininiis. 

Siiili if. ilif lase wiLli a iii;ijc)r iic-n- 
l)i<)aill»aMil ar vol[nieier developed rt'- 
milly in the -hp- Lovelaml lalmni- 
Icnifv. Tlif new vcilimeicr nifasutfi 
wiih ciihamed amiraiy over a sjicii- 
liei! Iiequcnty can^e ihnL is num.- ilian 
druible tliar of existing -hp- «*iisi(i\e 
1 oliiiLcicrs, voUmc-icts wliiiii ilu-rn- 
selves have l)een generally lej^ardcil m 
the indiiiiry sriindnrd. Tlie s|ieiilieil 
ranttc iil the new voltmeter is Irnni Id 
hen/ (i|is) to II) megalii'il/ (Mc ■.) . 
This range is the more signiliianl he- 
eause. since the insirLnucnt h .-t voli- 
nielei. its spet ilic-it U'S[Miii>e ii |)iT'iC'iit\ 
tilt; llai poitinn i>i tiie |)ass hand vadiei 
than between .1-dli jminis. I Ills I.ki, 
nunhincil wiili ilic Ian ihc Miliiiifiei 
lias .1 slow hiah-ric([ut'ni\ lojioli he- 
\ om! its Hal legion, Rives a widi' range 
indeed loi nian\ measun-niem ^iliia- 
lioii.s (Fig. 3). 

As lo aituiaty. the voltiiictei npi 
catly mcasiiies wiihin 1",. iivi-t the lull 
III 1 1/ lo II) MI !/ legion and is speti- 
hed as within I ' „ nver thf lentnil pan 
ol the laiige. The (oinljinalion ul (his 
higli aiuiracy ami ilie fxiendeil Ire- 
tpieniy range is the resnh nl' ilie use ol 
■hot carrier diodes' in the nieier rciii- 
lier I ii uiii and of tlic use o! other snliil- 
staif devite^ in the uveiail cinuii. 

Anotlicr major atlvante iniorpo- 
lateil ill the MiliineiLT is a groinid- 
referenied dt oinpiii system, a lap.thil- 
itv ihai has not gtnerally been in- 
1 liidetl in -hp- seiisiiivc-l\iJe ai \cili- 
uieieis. Tile ih ou[j>ul voltage is pio- 
jmi tional to ilif niett-r reading, tliiis 
enabling the vultim'ter to Ix' used as ;i 
10 H/ — HI Mil/ -ii-di convener. 



Kctcr." HenrjElt-Picliinl loiiml. Vn' 17 Hn l.aec IWS 



Maiiv suua lions u'ipiii ing di iliive sig- 
nals linni ;u signals are greatly sinipli- 
lifd by ibis ia[i:il)iliiv. The di oiiipni 
is a high-ai i iiiai v nut put and its t liar- 
ai icristii s are lareltilly tiesi rilied in the 
insirnmeiit speeifitations. Beside the dc 
oiiijiiit. ilie M (unptit that has been 
1 harai III isi ii ol -hp- ai vohiiieieis is 
also iniliided. 

Other new i niiiponeiiis have [iir- 
nlitli'd oiher design ad\aiiies, A held- 
elleit ti.tnsistiii in ilie vohnieiei Iruni 
end hasresnliei! in the rumbiiialion ol 
low noise (< 15 ;,V) and high in|)iit 
impecianic (10 inegiihins}, while metal 
iilm resistors in the ginn-deteniiiiiiiig 
I in nils iogellicr with (itlier measures 
give very liigh nveiall stability. The 
voltniviel is stable, loi evamiilc. lo ihc 
evti'iii that a ihaiige in .imbieiii lem- 
peiaitire Irom 25 V. to (>"C iypi<ally 
laiises less than l).,**"!, iliange in reail- 
ing. The insinnneni laii also Ik- o]>- 
eraieii in ambienis to -|-55-f; with 
liiile ihaiige in aicuiaiv. 

\ hn.il new lapabiliiy wui div ol 
meniion is ihai the voltnietcr laii Ije 
■ ipeiaied Irom haneiies wiilvnu spe- 
1 iai inodirKaliriii, 

Overall, (hr nieasiu iiig iaiit;e of ihe 
instrument is (lom below 5(1 iiiiiio- 
volts to 31)11 volts in 12 ranges, the most 
seniiiive being 1 inillivoli full si.de. 
The (iniiitiv is fidiv M>hd-si,iH' 



FREQUENCY RESPONSE 

rite bioad Ireipieniy resjxinseol the 
new voltmeter is shown in Fig. 3. 
These (lines are plots of the voll- 
meter's di ouipin vuliage with a con- 
stant amplitiiile ai voltage of varving 
fretpieniy at ihe input. I he niive at 
fell is ])loueil on ilic conventional 
dB scale and shows lb, it the fretpienty 
R'sponse of a tyi)iral Model IDtlE V'oli- 
nieler is neai K indislingiiisb.ible fiom 
a straiglii line irom Ul H,: to 1(» MH/. 
However, the iisel'ul frequency range 




Fig. 2, -hp- Modrl 4l)0h: X'oUmt'ter has 
laiit-biind meti-r inovemi'iit tLilh indii-td- 
ually-i-alibraieil scales. 
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Fig- ^. Typirn! Irpqiiem-y n-aponse oj nvii- vtiltint'liT ( inonilnn-ii 
at ill iiiiltiiil I plotlf'l irilli liifiiirilhmii n-ilirul sralr (li-jt l uivfl. 
.f-'IB poin's <in- lypir'itly iil 2 H: nnil Mil:. Curie ill itghl 



If, with •'Xpanch-il iriliral aiiili-. xhmvine ihtil lypital rlrvie- 
litins 'In nnl i-xrei-ii ' ii'illim rolL-iJ pn.-ishiinrl iif inslruiifnl 



cMfiiils ivL'li lii'MJinl rlusf liiiiil". ilu' 
bi iiiL; i\|.n .(IK .ii J H / -iinl 

MH/. 

rhf ILKhl llllvi- 1)1 V\n. :i^llln^s tllL- 
lR'i|ii(.'niy rfi[iim>e [iIdui'iI nii .i j^tc.iiK 
esjiiuulcil veriiiiil suit- (Inu c-\.iK 
Kcr;(ics minrr [ie! liirl>;ui(>iis. 1 
showi ih.ii \he upic nl ic\|)iinn- uiiliiii 
[lie liittil |iii«l),in(l ol (III- MiliiiifK-i 
ilc\i;iies oiih (l..7"„ ol ri'.Liliiij; .ii lull 
•.iLilc. ;iiu! lliis is ,11 N Mil/. Willi in llif 
i.nii^i.' "I 1110 11/ Id I MH/. ihe ir- 
i|»)nse ilcvi^iles iiii iimii' ill. in .i mii;iII 

It^II lidll 1)1 I ' , . 

STABILITY 
\ %i,iligiilV-wi[|i-liiTic pliil l\]iii(ili>l 
ilii- m-w voliinc-iiT is sliiwii In flu" 
(111 vt's in rii^. !. riiis i^ .i Kiiilili (il ilic' 
ill f)iit|Hil iif ihf .Moilel -llllll 
Liit'it'i iviib a ■.i;il)ili/eil l-\oli, I kll/ 
-iniL.il ,iL ilic ni|iui. As shown <m ilic 
jjitMih e\|iriiiilt'fl vtiii(;il siali' licu'. 
ileviaiions .is a liini I inn iil linu' .ii i' i>\ 

w Vft \ Iniv Ol (li-i . I lie (ill II niM\,n 1(1 U\' 

lUl'lI LlSL'll I.ILISt-S less lll.lll II.-",, L'lllll. 

.Mill illis l.cis l(n onh a few Tiiiniiifs. 
liillowing a l-liwir wan]i-ii|i |i(iii>d, 
lb ill is [Vj)iiall\ less ilian d.Ul^' , liinii. 
\ U|ii(iil iTistruincni has sliowii Ifss 
ilian iliili in ihrci' iiiniiihs inf tiL 

a iijiiial laboiatoiv cn\ irimiiieni. 

Ihe high s[;ibiiiis ol ihc neiv \oli- 
mctcv is also iiiaiiilaincil in spile of 
liiLC iolcit^i- iliaiiHL'-,. A ihaiint' Itoin 
low line vollai^e w II)'',, high le- 
Milis ill no I h.in^c in ilie ili oiKpni as 
innninneil b\ a l-|)bnL' ilif^iial \oli, 
tiii'lri . 

TAUT- BAND METER 

A Ilia joi I (1111 1 iliLJliiin ill I III' .u I UI ai \ 
ol I he new MilliinH'i lonie-. Iinin ibe 
use ol an iiuli^ iiUialh-i alibraicil. lani- 
liaiiil nieiei, Eai h niciej- has a -11 ^-inih 
iiHii'or-liaikfil '.(.ik- thai is lalihi.iieii 
|ni that mciei iiiovi'infiil wiili ihc-fip- 
ik'si£;iK'(l spi vo nictfi i ulilii aim A 

I BcniKd M. Dins', "intrsjsi'il A{;urj;i i" riu Wiisii 
rniouen ifw CBlibraimg Welmuls," Htitlilt-Pjchiiil lour- 
n\. Vol, tJ, No. "nr.. I96i. 



iiielfi ai I man ol W'l'i'' iiii I be hneai 
\oltagr stales oi<liti.itih is ai hieveil iiv 
ibis iiieihoil. .ipjiniailiiiis; llic an mai s 
lb, 1 1 oilierwise i an i)iil> he ai liie^fil l>v 
h.niil i.ilibi.iiii)i>, 

METER SCALES 
riir Imiii nii ii'i I, lie lor ihe voli- 
iiieiei IS one lhal is i ,i libra led wiili iwo 
line.ir Mill,ine stales ami a (IB siaie, as 
shown in Ki;;. "j,i. I lie two inliage 
SI .lies iiiiiciher " iUi iaii);e swiu hiiii; in 
.1 l -.'l-lll s(*i|ueiue eii.ihk* leai lings Hi Ih' 
inaile (in ihi' iippn iwo-lllilils ol ihe 
tneier for liiKlieiil iuiiiraiv. Ihe laufje 
s!e|js aif tai II equal In indl). so ibaL 
iHih one (IB SI .lie is net ess.iry 

A iiieLer f;uf willi the (IH siale on 
ibe oiiieniiosi ( in uinki eute has ^ilsii 
been ileviniieil tii pel mil Hie.ifel resolu- 
lidti in (IB ineasui etiienis (Mr- rib), 

V logaMihinii meter ino\'t'iii('iii ili.ii 
Uses a liiie.tr (IB stale has lii-en de- 
si^ileil 1(11 lllc Miiilel |I1I1I'"I , \'obtiirlei . 
.m instrmneni ih.ii is oliiei u iilt'ti- 
lital to the .VIoilel IIIIIK. "t he liiie,n illl 
Mak- (I'lK. ) is (iheii pieleiteil In 
I oimiiunit.ilions eiigineeis .mil oilier 
who make measiireineius piimatilv in 
■ IB iiiiii.s. ("I'hf (Il omput (il iliis \oli- 
meiei has l!le same linear u■sp(lIl^e as 
ibf Miiilel HKIK.) 

DC OUTPUT 
I'reviinis seiir-iiive i\|ie .it \iillme(ers 
\v.\\e not had dt oinpuis pi opori ioiial 



ii> Tiieit'i tli'lietiiim, piinrniK be<.iiise 
ihe ineH'r was inibnieii in ihe at leed- 
b.tt k path and whs mil ai HH'und pmcn- 
ii,il. I lie new vohmeier ii«'s a nieiei 
liuuii lb. 11 isiil.iies die iiieier iisell 
Fioin ihe leeiHi.ii k p.itli, peiniitiiiij; ihe 
ilt-i il ,ii ion o{ ,1 (Il mil pm |iro[iorlioiial 
lo ilfllo linn {1 loll ma\,:ii 1 niA), 

I he new volmifier may ilius Ite used 
it> tliivc a Kiajihic rei imk-r tlirciily hii 
I'lits-fcilil liloiiiloriiiH of at viill;iges. Il 
ni,i\ ,iKo ^elve a-, a lowttiii at loilt 
(iiiiveilei to)- Use wilh iliiriial Mill 
nU'iers oi wherever iheie is a iiceil foi 
a ill vollajie [il'opoi tioii.il lo ,i f^i\ell at 
voltaKe, riie ai-io-tb t on version, 
nleasllli'il al the lit tiiilpiit. is ,'ii(Ul:i1i- 
wiiiiiii — l/o"!, within a lieqiieiu; 
r.mgfiil KKIH/ to .'jIHI kHz and wii bin 
I' (Her ,( imidi fntiiider lange. 

I 111* wide d\iiami( lesjjtuise ol ihe 
m-\\ volinifiei enables it lo serve .is ,ni 
ai-io-ili ionverter f)m'a (Ivnamk raiisc 
o[ 'ill (IB im ans one selling ol the 
r.itiHc swiiib above the H-iiA' range 
(ilie inpul noisi- ii'iiiU lo u'thii c llie 
iKiMtiiii laiige on die I- .iiid .'i in\' 
ranues), Vheeriorai 111 dit below lull 
M .de, on (lie l-\' raiiHe, is tspii idh less 
ibaii ID' ;, I'S miiliiiti heiwet-ii H/ 
,intl mil kH/ anil ;il 31) ilB below, il is 
Ivpiiallv less than !"„. The tran-ieiii 
resjuinse ol the tiiineiU'i is shown b) 
lire oscitluKram of Fig. (i. 

The til imijiui (on ihe rear paneli, 
when itmuei ted lo a digital Milititt-it-i . 
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FiR- 4- Typiial ilahiUly oj -hp- Moilcl niOE/EI. AC V:<Ilm,:ler is 
slmli'ii lly plol lij relnlirins lilhrii ill i ii!liiu-li'i ilr nulpul li illlr lii'i lirnli'ly 
miinilntrii sine ii'ai:f is iipplit'it Iti inpul. Phil uliiurs lliiil slahiiily nf i-iill- 
nirlcr InUoiiin^ l-htiur ii'tirm-up prrinil is lypiralty hclirr ikiiii O.II'J",,/ 
hour, Llrijl has been less than 0.1% f month in typical inslruineiils. 
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Fit'. ^ Mi-lfi- si-alf niiriiHtily nupfilwd u-ilh -hp- Mridel 400E 
AC Vohmrler. ii illi jOO rfrivsirin.s in high ii-aolulion upper 
IS sliuti n lit !op <a). OpUiinal mrlrr jair (h) han 
InngiT HB fertile iin oulernuixl an.- for higher ri'mihilioii in 
ilB ni.'tisurfineiils but ri-taim, lintar rollagr scales. Model 
4U0EL LiiRarilhmic Vollmelur ft'is hgarilhmic follugp scah-n 
but ilB .siolf IX linrat, as shown by nirter lace al Ir). 



is it>.(-lui Irii uljLuiiiing higli rchiilii- 
liriii leadings. ]ijir[i( til;ii Iv ivlierl Mriiill 
iliJiif^es in :tri ;n volt^ijie Are in lie iiKiii- 
iiiircil. 

AC OUTPUT 

I In- UfW loliiuclti .ilsii fi^is ;i iciv 
|i;tliel ^11 (lutpiii wliith enahk-* ii in 
serve :is :i ])rf';iiii|)lirn.-T "i iinjiciI.-iTii e 
I'oiivertcl . "I'lic ,K <iiil|jiii iiii|)c;'ii;iruf is 
3U iilinis iuiil hill SI ale niujiiii vniuise 
irU'j ^111 mjeii c ill nil is I TiO inV rni.s ( 1 I)t 
m\' oil (he l-in\' range). 'I'Jie insnu- 
meni uses a liuffer amplilier lo (oii|)le 
the m;iin am|iltfier I'eeilh.dk signal m 
lllc iJiil]im ami iliMiiitidn laiiseil lj\ 
lUodf ( itisscivcr is Muis reiliired tn ne-g- 
ligilile |)i(i|i(irti(>ii,s rtt niidband Irc- 
(|neririe.s, as shown in the nstilli^'ani 
(if Fig. 7a. Al higher frei|in-]i( ies. hoiv- 




Fig. 6. Typical Irviisivnl response nj nrir 
I'ollmeter ti.s- ar-lo-dc i-oiiri'rier, monitorfrl 
III til- oulpiil. uulh gnied lOO-niV. 4m-H: 
■line wave at input. Verliral scale if 0.5\' / 
cm: horizontal ncalv is OMs/cm. 



evi'i. ihe lediiilioii in ;iTn]>)iher gain 
liiiist-i Lhe ( Tiiisinei disnminn iii Ijc- 
iiiini; inni(eiLl)le. as shown in the i>^til- 
l()gi.nn of Fig, 71), 

Fig. 8 shoiv.s ilie i]i|nii and ouipui 
wavehirins ol tile new vohineiei when 
driven by .t l-MH/ square wave. This 
osiinngnini illiistraies the cxcelleni 
naii'iicni rcs|)l^nse ;iiid grinil phase 
I hai .11 11-1 isi iis of ihe Tiien-r .iinplifiers. 

ESTABLISHING PERFORMANCE 
SPECIFICATIONS 

S|)C( (tying iln jn-i li •< iii.iin e nf :in in- 
sirinneiiL that film lions over lioili a 
wiiie IreqiieniA i.ingc and a wide d\- 
naniii range usually retjuiies ^icvera! 
1 oni|inniiises. Full speuhcalion nf die 
peiiornuinie h>i eaili (iiinfiinaiiiin of 
measure men I londilinns leads in .in 
unwieldy lisi of numbers iviiereas 
sNcanilined s|»et iiii ai ions generall\ 
lead lo a:i uiiderstatenieni oi dn; in- 
snumends best i a]>aljilii ies wliile re- 
du( ing tile ainiiuiu of pei foriinince 
diKa available in the user. 

Ihe leihnitjue used to spedfy the 
auurai) o| die new volnneiets mni- 
brnes 'ihree-diniensional' iidonnaiion 
iiiio iwo diiiicn.sions (see .SperiTica- 
tions), The horizontal stjilc on the 
s|iei iruatioii < hai li < ortesponds to lie- 
ijueniv, rtiid the veiiiial si .de repre- 
sents signal ampliluile. Tlie mnnbeis 
in eaih l>o\ repieseni ihe einn limits 
di;it iinty be eiuouiiteied (or thai jf.ir- 



licular loinbiuaiion ol aniijiiiude and 
lieipieni y. A first ap]>ioximaiion to 
die maximum errors ih.it may be ex- 
pei led ai ^inv stale ]iosilii»n <an be had 
iiv iiitei pol.iiing linearlv between ilie 
si.ale poinis shown, 

Tlie new lormat siiows ihai diere is 
a broad fieqiienty range wlieie men- 
uremcni atiuraties of beiiet than 1% 
of reading may be obtained with the 
new voltnieteri. As ae-icvdr innveriers. 
the voliiiietcrs have an luciiracy of 
— Vi%' 3s measured ai the dc output, 
within a freijiienry range oi lllll H/ to 
him kHz, 

CIRCUIT DESCRIPTION 

A sinipiified bloik diagiam of tlie 
new vohnieiets is shown in Fig. !), \s 
ill [irevious ai vulttiieters. the signal is 
applied eilliei dircdly lo the impeil- 
.line lonvenei or it is atienitateil 50 
dli ill the input aiiemiaior (on the 3-V 
and highei laiiges). lo prevent stray 
coupling between the input attenuator 
and ilie oiliei i in nils, die inpur aiien- 
ualor is separaieh sliichleil und is 
^^^■illhell lj\ reed relays. Caie li:is been 
l^ikeii iviih the sign.d .ind ground ]i(idis 
lo .issuie high .11 nil .11 v up 111 ,Hi(0 volts 
atHlMH/. 

The iinjteiUinie i onverier iiithides a 
lieid-ellei i iransisior lonneeled as n 
liiw-ii'iise 'soun e-loU'twei* dial has an 
ellei live input ini]jcilanie nf HHK) meg- 
ohms. This is [olluwed by one ampli- 
fier stage and ;in emiiter-folloiver, all 
cndosed in .i Itcdbutk looij ihat 
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FiE- 7. AC output ol new rollniPlpr with lull sralp input collage. Traie 
at left results from ■tOO-H^ Mine wuip at I'oUrneter input, Trare at 
righl, with 1-MHz ninv ii:ave at input, shows rrossoi'er disliirlion. 



,11 llie^'cs nn int-r.ill ciTiMTit'i <i;ilti ol I 
;ind ;in oin|jLit iiii])ci];m( c iiF 2 iiiiins. 
The impedance iDiivtrtcr etleiiiveh 
isolalcs swiichinR in (he pusc xiiieTiii;i- 
loi liimi ihc in|iut i iri iiit'.. 

The volimeii-is iiffei ividf i>\eiliM(l 
jinitL'Ltion and i|uick retoveiA li'ini 
oveti<);i(ls b\ llie use ol sii^nal t himpiiig 
lechiiiqnesxu ihc inpiii, Reiovery finni 
-.1 latge dc iiLinsiciu (fiOII viilis) (jn llie 
I -mV i.inf>e is less ih;ni 10 seconds, ;ind 
iTi overv on other i iins^s is pmportion- 
:lIIv less. Re((i\ci\ irom nt overloiids is 
esst'ni i.div in.st.intjncotis. 

The post :[ttenuator is a tiOll-nhm 
ladder :mcniiaioi lhai (han^es aiten- 
iiaiion in ID dB steps from II to 5(1 dB, 
Witli the input :nid post attenuators 
working (ogcilter, die signal ranges tan 
be changed frnui .1 ni\' full siale to 3131) 
V full scale. The l-m\' range is ob- 
tained by increasing lire amplifier gain 
In 10 dB. 

The amplihtr drives the me(er rec- 
lihtT lircuit lioin which a negative 
leedback signal is led hack to the ani- 
|)liher inptit tn siabili/c gain. With ihe 
large aiiiount ol the leeilhaik designed 
into the amplilier. (he overfill gain of 
ihe amijiifier is determined primarily 
h\ ihe pn^risioii metal-film resistors in 



ihc ieeiilimk nenvoi k. "I'ogciher with 
the use ol regiilaiei! piiMct Miiiplio. 
the feedbatk. also assincs the high sta- 
hilitv ot the voltmeieis. 

The ai leedhaik signal is also fell 
ihrnugh the i.inii\-gaiii buller amplifier 
to the At; Outpul tonnedor on the 
rear panel. The biifler ani|ilifier serves 
as an impedani e ( onvei ter ihiit isolates 
the Iccilhatk signal trtini the oinput. 
Shorting the out|)ui has no eHea on 
the meter reading, 

THE HECTIFIER CIRCUIT 

"I he nifiei reiiihei (ir(uii iniorpor- 
ales several refinements which lead to 
gre:tter flesihility anil improved per- 
lonnanie in (he new voltmeter. To 
piate these lefiiieTncnts in perspettive. 
let us review the reetifier lircuit tom- 
inonh usetl in ptevinns ac voltmeters. 

.\ simplified diagram of the earlier 
lirtuit is shown in Fig. IO(;i)- ihe 
arrows in (he diagrams show, ihe di 
odes all as swiiihes to giiiile the lur- 
rem thiotigh the meter nnidiieiiion- 
alK. In (oniiasi with peak-re^nling 
voltmeters, in which the rectifier diode 
ronilui is onh during the ]>eak portion 
of the wavelonn, the diodes here each 
conduct for a full hall c)(le and the 
ballistic characteristics of the meter 



INPUT 

UTTENUSTOR ™5T 
0 or '.0<15 "TTENUHTOR 
(J (D SOflB 




AC TO Dr: 
COMVERTER 



|RAMGE| J CALIBRanoN 

^ ^ETwo^tK 




0 

AMP 



DC 
DUIPUI 















Q 






1 


NPUI 


FU 


u 














OUTPUT 





Vig, K. Typiial tianxiunt ri'sponse iij volt- 
meter ainplifiiT IS /•■hoivn by dual trarr 
oscillogram ol vultmelrr input iinil iiulpul. 
Test stgniil /* l-MH; sijuiin- urii i' 

smooih (he meter response lo the (ui- 
rcni pulses. "I he mcier deflection is 
thus prripoti ionwl to the average value 
(if the driving wavefiiim,' 

The let I ifier i i re u i I in the new 
40I)E KL voltmeters is showti in Fig. 
10 (h|. The meter has been leplaieil 
here hv .i ttaiisistor lhai establishes .i 
virtual short circuit aiross the corners 
of (he hridge without allowing t uneni 
to How ihrecth Irom lorner to cornei. 
The turuni is totipled out ol ihe 
briilgc through the (olleetor tii'ciiit oi 
the traiisisior. and baik again through 

ifl M Oli'er, "Sum EfttctE n( rtsvsloim on VTVM Bead 
injs." Ktwiill-Pieliirt Jounal, Vol. 6, Na S, Acr,. 




Fig. 9. Block diagram ol -hp- Model 400EJEL AC Voltmeters. 



Fig. 10. Coni'entional avprnge-ienpondiiig 
melpr rectifier ciriui' i,* iMttHni'd in In), 
Arrnws ^how riirrent paths jor holh hiil-l- 
tyt-les ol input 'euivivrm, Svir nieli'r rtr- 
iiiil IS shoun in I hi. Clirri'iil paths iirf 
similar lo fa) exn'pl that mfli'r rurn-nt if 
brouehl til ground rel'Ti'iiiv by means 'i/ 
transistor and iaalating resistor ft.. 
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ilie iinnci :iiu! ifiiil.iiiiiK icm'sioi k,. 
Hie meiei uint'iit iiiav ihu>. be- ref- 
erenced [(» grouncl, .111(1 ;i Loniiimn- 
ground connection m:i\ be esMblisiicil 
between ihc :ii in|iui ^iiid ilc nmpiii nl 
rlie voitmeter. Fui iheniiiiit'. die niLici 
is isolaiet! Irum liit- let-dbmk padi scj 
ib;ii RF raili^iiiiin fioni ihe mcit'i in 
higli-l'ie(juent\ iiifiULiiciiK'nis is re- 
duced sLgmfimntly wnd ilicre ii, liide 
d;in(;ci of a nidiaied lecdbatk ]i;iib 
from nic'iei lo ii)|)ut. The insirumcni 
i* also less suMt|iLiij!t' ii> Rl'l ■.imc 
iniejieiente ibai ina\ be |>i(k('il up l>\ 
Lhe meter is grounded belore ii i.m 
.ilFeti oihei tiriiiiis. 

RcsiiiDi- R,, in series ivilli die iiieler 
provides die ii< iiiu[iiu vult^ge. Since 
die meter is ib iven b; ,i i iii reni source, 
aiiv iiii|iedinKC — even a siinri tin uit — 
m.i) be foniictied lo ilie c)uI|)li( wiili- 
riiu allciliiifT lhe nielei leadlll;;. 

ENVIRONMENTAL TESTS 

I he desip'ii of tbc new volimeteTs 
has been ]irovcd in a ^elies ol enviion- 



SPECIFICATIONS 
-hp- MODELS OOOE and 40DE(. 
AC VOLTMETERS 

VOLTAGE RANGE: I mV to 300 V full icale, 12 
rr-sn^L-'^ 111 I n-fiS slaps 

FREOUENCY RANGE; :0 H; 10 )D MHz 
CALIBRATION: RDZids rms u^luc af sine w^ue: 
VDlIiigt mdrcaliun praparjianisl lo alisuluttf 
average ualui? of appliEd vtai/etorrtt 
SCALES: Model 400E Linear voll^gE uales, 0 
to 1 and 0 to 3 Z. dS stale, 12 tq .2 riB. 
Modsl 400EL Logarilhmic: volCage scaF», 
0.25 10 I and 0 8 to 3 2: linear BB stale, 
-10 to '2 38 
ACCUBACV i.it '.. of leading). See taOles 
bt-lDw r.ghr 

INPLIT IMPEDAHCE-- tO megohms shunted by 
21 pF on ] mV to I V ranges snd 10 fneg- 
onms shontad by S pF i)r 3 V to 300 V 

ranges 

AC OUTPUT: 150 mV rms (or tuli scale meter 
inditation flQ5 mV on 1 mV rangej. output 
impedance: 50 ohms. ID Hz to 10 MHj. 
AC DC CONVERTER OUTPUT: 1 Vdc oulpiil lor 
Tuli scale meter deflection. 

OUTPUT RESISTANCE lOOOohms. 
RESPONSE TIME. 1 sec ID Wllhin 1";, o( 
ttnal value for step change of input ac- 
AC POWER: 115 or 130 volts ■ ID'l^, 50 to 
1000 H;. appro. 5 waits. 

TEMPERATURE RANGE: 0 tP i 55'C, 
EXTERNAL BATTERY OPERATION: 

Terminals provided on rear panel, positive 
and neg^live voJtages between 35 V and 
55 V are reQlJired: current dram from each 
voltage IS approx 5d mA. 'External switch 
ing and on/off monrtoring should tie used 
for battery Dperation i 

WEIGHT: Net G Ihs, (2,7 Kg). Shipping 9 \r,s 
'4 ka! 

DIMENSIONS: fii, " high. SVs ■ wide. I i ' deep 

■■165.1 K 130.2 s 273 4 mml. 
PRICE: Model JOOE. J2B5.00: Model lOOEL. 

1295 00. 

Option- 01 MOOE only) resds directly in volts 
and dS with dB stale uppermost. £10.00. 

Option: 02 I400E or 400EL) Ifort panel relfl. 
live control SIO.OO 

HO5-4O0E/EL: Constant Input capacity (10 
megohrris shunted by 22 pF). Price on re- 
quest 

Prices fob factory 
Data subject to change without notice 



menial tesls, ilk ]iiilint< ^ii< I) K sls as 
iciiipeiaitiie s .ii ialiiins. htmlidil\. vi- 
bt;iii(Jii. iiini RFL Tlie lenis liave 
diown ihai the Model 4(I()F. Kl, V'lili- 
iiiercrs. as ;n-hi-ili loiiveners, ha\c an 
(inijnii de\iiiiiim t\pi<3lly less diati 
wlibin a Irciiuencv range ot lllll 
H/ m I MH/, wlien die lempetaiuie is 
r liani;etl Iriinl 2.')' C. hi 'I'l ' C.. Kioiii 
1?3 C HI 0"C the dek'iaiion is less ilian 
11.2% on the ranges Mow S V and less 
(ban 11,3°;. on ibe 3-V ran.i^es and above. 
1 here were no failures in ilie v ibiai ion 
atiil biiiiiitlii\ (ests. 

BATTERY OPERATION 

Icrminals mi the rear ]i;nit'l are (on- 
netied t<i die inpuis o| die \oltage 
regul.iiois ill die voliiiietei intern, il 
power supplies. The voliineter ma\ 
iherei'ojc be powered bv batteries, two 
being recpiiieil. (apable ol siipplving 
a-l mA each at 33 lo bb volts. Thv viili- 
iiicier nia) thin be conipleiely Ireeil 
I'rimi ^iniiid iniert oiinei ts. il j^kjuihI 
loops are a piobleni. Or. ihe volinieiei 
lan be operateii on Iwiteries in die 
Tieki where ac power niiiv noi l)e readilv 
,i\ ailable. 

MODIFICATION OF THE BASIC DESIGN 

III ai 1 iiiiiiiuid,i[(- v.niiiiis iL-ipiiit-- 
iiieiils in vidimeter nieasureinenis, 
inodilii ations h,i\c been designeil Ini 



die new volimeiers. In one, ,i poicnii- 
omeier t onirtil, lonteniric widi the 
k\n(;e swinli. ha.s been added. When 
lumed liom the tielented ahsoi_iitk 
piisiiion, this loniro] rediiies the sen- 
sili\ ih ol the nicier circLiii io ihai [lie 
o|)eraiipi may offset the pointer lo a 
niajoi tiieiei division to ,seive as rel- 
eteiiie mark (while the voltnieier is 
(iieasurin,!; a reference \oltage), The 
relaii\e ,i;.(in nt loss in ;t (iniiit being 
measiiieil is lliiis easily iiileijii eieil 
wilh ies]jeit to the reteieiue voltage, 

.Some ,ip|>!iiaiions. such as Fiher de- 
sign, re(|inre lonsiinii iiipiii < ^qiai i- 
[am e on all I aiiges. Noitnallyi the vnli- 
iiieiei injjiii capaciianie is lower on 
die ranges above 1 volt (R pF) than ii 
is on die \-\' lanfje anti below (21 pF). 
This .irraiij^enieni is iisuaUv prelerreil 
sinie the iiijiiu cvnii-iir at hifih Ire- 
(juetuies id priiiiariiv a liiniiion til the 
input I ap:!i itaiue. However, 11 the 
voiinieier is lo be iiseii over a wide 
range in afiplit alions in which the 
tuning ol a liimii is aiJectcd by the 
vcilimeiei (apa(iian<c, die capacitance 
tail be iiiade lonsinnl {'Z'J. pF) on all 
ranges. .\ Hl-iii-l iiiw-capaeilance pas- 
■>i\e probe i^ also lieing designed for 
instriinienis tviih this modification lo 
ledui e the inpui capacitance at the 
]ioiiu of measurement. 
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MEASUREMENT OF 

LIQUID LAYER THICKNESS 

WITH TIME DOMAIN REFLECTOMETRY 




Vif^. I. TDR SvstPm fnr liquid taxt^f depth /tifasarritiisrils i-iins!-itg vf 
sliiiiduril -hp- Mtidpl 140A/ 14I:>A Timr Domain Rrfleflor ii'itli ner- 
linn rij rigid uir-dieleelrir coaxial line aprring n.s- proh--. Slulu rut in 
oiitfr '■onduvlor ill probe admit liquids \ihith idler inipedanrr oi ro- 
axial line nherei-er there is a ihange in liquid dieleclrir riinslitnK 
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The ri'LSi-.-r.LHO [L-ihiLLijues n) tiiiu- 
ilomaiii reileciomeiiv have alreaiU 
proven useliii in many eleciiital iiie;is- 
iiremenls, .smh as izi ihf ilesigii anil 
lest ol iianMiiission line, (oaxial lalili-. 
anil antenna system.^.' Now. the ablliiv 
111 lime iliimain refleLtnmeirv 111 le- 
•.nlve elc-iliiial liislanie. reHi-flioii (ii- 
ettitierii, and inifiedjinte mismatch also 
shows |)romise of haling im|>ortaii[ 
(hemiial a|ij)lii.a[ioiis. 

.Siiui.' main liijuids t'\liibi[ i.h*elei;- 
ij ii heha\iui. it is possibk' tu idenrifv 
a ihange in themiial loinjjosiiion h\ 
measuring the response oi a TDR s\s- 
Lem to a diange in ilieleiiiii iniisiam. 
This is easilv done by perforating ilie 
outer (otidni'tor ol an air dicU'(iri( 
line ami inserting ihe Hni' in the 
Liids (i> be nieasLireil. The iiijuiils iliiis 
become the dielectric of the line, and 
wherever there is an inierfate between 
two la\ers of liquids wiili dillering 
ilielei trie mnstaiits, there resulls an 
iih-iii ii iabh' rellei tidii on ihc Ti)R 
(lis])lay, 

.As an e\am|ile. the ctstilli>gram nl 
Fig. 2. made with the eijiiipment sei-u|i 
shown in Fig, I, displaw the retledinn 

' "Cable Tfiting mlh Tim Oomain Rtdsclomttry, " Kewtell- 
PicliiTg JeniMl, Vol. IG, No. 12, Aug. 1965. 
B M, Olittr. "Tims Domjjn Rsneclomelri," mwlttl-CiCHiJ 
Itaml, vm. 15, no. i. Feb.. 19E4, 



lesuliiiig houi the interlace ol toluene 
floating on de-ioni/ed water. Two 
"steps" arc shown; one resulting from 
the rellcTtion at the dielectric interlace 
lieiween air aiiil lohiene. and the sec- 
ond Inim tlic interface between tolu- 
ene and water. The horizontal ilisiaiice 
between the steps on the displav lorre- 
sponds to the ihicknes.s ol the toluene 
laver. and the depth of the steps cor- 
responds 10 the ihange in dieiectrii 
lonsiant. 

The TDR technicpie is capable ol 
nieasurenienis of liquid layer depth 
ajiil ihelcitrii lonstani with two-jilaie 
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Fig- 2. Oarilhigi-am displays rfsptinse ol 
TDR System In citangr in liquid dieleelric 
lonslanl. First step ri'siills from intfrface 
heluet'ii air iind liiluene. Second ilep w 
faused by interlace between toluene iind 
i{e-ioni:ed iioler. Htiraontal fiireup cali- 
bration is 6 cm of air line per cm nf rlisplay- 
Dot corresponds to 'delay' dial selling. 
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Fig. .1, th'/Ieclkm frtiin iiileijai'e brliirfii 
air and induslHai griidc innpnipanol l>i- 
elet lrw lonslont iij isuprtipaniil ran lir ile- 
rived from hcighl oj step, using fijiialiiiri 
2 ill text, Verfiral calibration is OJ p/rm. 

resuliitid!) (ilielfdi it lusses. uliii li sluw 
[|ie lisininic >>1 tlie iclieiieil vi.»Ji,it;c 
sieps, prcsenily limit the resohuicni in 
li<|iiiiis). Tile wiiie nicasurifmcni lanRC 
<il ihc -hp- Mmlel I415A Time Do- 
main Retici.iomctei- allows this leth- 
ni(]iic to be used in a variciv of 
situations. Kor instance, the "liijuiil 
iticlcriiic" probe inuld be lennilieiied 
several Icci to permit location ol ihe 
liquid layers in a cracking tank, alluw- 
ins cadi laver iii be tapped with rer- 
lainlv. The licplh and liitalion ol farli 
layer wuiilil be imliiaied by tbi' ilis- 
tame between leflcclions on the I DR 
siiipc. "JT)R could also detect the waier 
Irw] ill a fuel siiirage lank, measure 
liquid levels in ibe presence ot loam 
or measure liquid levels al cryogcnit 
tenipetauuvs. In addiiion. THR <-i>idd 
dcienniiic disiribmion gradients in su- 
Iiilions or delect when certain reac- 
lions have j-one to coniplclion. the 
lauer shown bv ibe disappearanie of 
the rcfleciion resulting horn a dielet- 
iiic inteilacc — an otherwise difhudi 
task to perform by visual iiispeiiion 
when uoiisiilidile leat'ciiis ha\t- llie 
Kauie (otot, 

COMPUTING DISTANCE IN LIQUIDS 
The speed of ])iopag:uion ol an 
cdei irotiiiisneiif wave in a io:i\ial 

' Lte H. Mallilt, "Irie Iitne Oamjin ReriecEomtlEi," Nt«l«t- 
tteUii Itsml Vol IS. Nt. 1, Sspt , J963. 



TABLE 1. 

DIELECTRIC CONSTANTS OF ALCOHOLS 



1 — Proparol 


20.1 


2 — Propanol 


18.3 


Methanol 


32.63 


Ethanol 


24.30 


I - — Butanol 


15.8 


2 — Butanol 


17.1 




Fig. 4. lli-flt'i hull [null iiin-tlaie oj atr and 
indijiitniil gradi^ ntplhanot (5% isopro- 
panol). Verliral calibration is i' =■ O.l/cin. 
Heigh! <i/ step iniiicali-^ higher dielectric 
consluni than isopropanol (see Fig. 3), 

iiible, and heme ibe round-iri]i iraiel 
time ol the voltage step in a TOR sys- 
tem, depend?, upon the dieledrii ion- 
stam of the dieleciric material. 

The -hp- Model IIIa.A Time Do- 
in;iiii Reflet lomcier is calibratcil in 
read distances in boih air diclcLtrit 
anil polyctbylcne-iillcd cables. The itis- 
lame 11 lo an impedance distoniinuii) 
in any other ilielctirit iiKiy be tom- 
piiieil bv use ol the formula: 

U = ^ (I) 

where D , is the distanie that the nieas- 
uretl pulse loiinil irip would indiiaiL- 
tor an air dieleciric cable and e is ilic 
relative dielectric constant of the ac- 
Uial nialeii;il. The conslatit e tan be 
found in a (hemiial handbook, il the 
substance is known, 

in Fig. 2, ihe hori/onlal .scale is (i im 
ol 1 oaxial line per im of disjilav. The 
"shfir' K-jircseiitiiiK toluene is 4 i m. 
iiieasiiied i>etwecn the midpoints ol 
the stcjis. The value of e for pure 
toliiene is 2, 1 ai room lenijiei aiiiie anil 
thus, by equaiioii i. the depth of ihe 
toluene layei i> 15 i m. 

UNKNOWN DIELECTRICS 

II ihi- >iil)st.i 111 c ]s mil known, ihf 
ilieietirii lonsiani tan be Inund bv ite- 
leiminiuion "f the icflcition coefficient 
f, thron|>b mea.surenieni of the ampli- 
tude of the ledetted step. The dielei- 
trii tonstani is ihcii: 

It is thus jiossible to idcnlif\ liijuids 
by iiieasiM ing ilic retlec lioii (oefhcient. 



Referring again lo Fig. 2. the first step 
represents the transition from air ti*, 
tohienc. "The vertical defieciion is c»K- 
Ixated such that 10 cm represents 
f, = 1 and, since the step ilownward 
from air to loUieiie is 2.2 cm. fi = —0.22, 
Heme, bv eqiiaiion 2, e = 2.4. 

The icdinique is useful for iilenti- 
lying liquids in a grou;i if the dielectric 
lonsiaiits differ signiricantly. However, 
.IS a leihnique for positively identify- 
ing an unknown liquid, the method 
is limited bv the resolution available 
since the dielectrics of many liquids 
diller by as little as 1 pari in 10, 0(H). 

TDK. however, is useful for identi- 
fication of fiquids wiihin a speiifir 
group. The alcohols ai'e one such 
group, idcntificalion by physical prop- 
erties being difficuli because of the 
similarities of color and smell. Foriun- 
aiely. dieletiric lonsiaiits among the 
alcohols vary widely enough to permii 
good TDR resolution (see Tible 1). 
Fig. 3 shows the lellettion at ibe inter- 
face ol air and industrial isopropanol. 
The vertical calibration here is 0.1 
p'cm. and thus p = —11,55, From this, 
e = Hi. Fig. i is the reffection from the 
interface of air and industrial gradi 
methanol (a% isopropanol). Here, p is 
read as — O.til) and ihus e is 22. 

— jiirni's Htiitkmcier 
Applitaiions Engineer 



STRATOSPHERIC 

WARMING 

A number of readers have inquifed 
about the meaning of the term 'strato- 
spheric warming,' which was listed here 
recently among the geophysical alerts in 
the hourly schedules of NBS standard 
broadcast stations WWV and WWVH," 
Stratospheric warming is included in the 
broadcast schedule al Ihe request o! 
meteorologists, although it is not a geo- 
physical alert as such. Stratospheric 
warming usually occurs in late winter and 
is evidenced b/ the sudden warming of 
pockets of air from the normal —40 to 
— 70"C temperature to near O'C at alti- 
tudes from 40.000 lo 60,000 feet. The 
pockets migrate over the globe with pos 
sible effects on the weather. When such 
a pocket IS delected, usually by radio- 
sonde, the 'Stratospheric warming* alert 
IS included in the WWV/WWVH broad- 
casts so that meteorological research 
stations may be advised of its existence, 

* "NflS Slannjro FiPDutncr anc Time BfMQcflsT Sthei;. 
ules," Htvlin-Piiliird Igiiail, Vol. 1. Kn X Htn . 19es. 
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